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@ There is provided a liquid crystal unit having 
an on-chip photodetector. 

On a transparent substrate 1401 are laid down 
a metallic wiring 1422, an n-type a-Si 1423, an 
a-SIGe 1424, and a p-type a-Si 1425 succes- 
sively, an insulating film 146 is fonmed, and then 
a transparent electrode 1427 is fomied to have a 
light detection region. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a view point de- 
tector, a display unit, a view finder having said display 
unit and a camera, and more particularly to a sight 
line detector for detecting the sight line, a liquid crys- 
tal display unit for the image display using a liquid 
crystal material and having means capable of detect- 
ing the position on the liquid crystal display unit of the 
sight line of the observer, a video camera having said 
display unit, a view finder usable for an electronic 
camera such as a still video camera, and a camera 
such as electronic camera. 

Related Background Art 

Conventionally, liquid crystal display units have 
been employed exclusively for the image display, 
wherein each display unit is comprised of an image 
display in a liquid crystal display area 1502 composed 
of a liquid crystal material and a drive circuit area 
1501 having a drive circuit for the image display and 
provided at least partly around the periphery of the 
liquid crystal display area, as shown in Fig. 1 which 
is a typical constitutional view. Liquid crystal display 
units have been recently utilized for all sorts of elec- 
tronic apparatuses, including, for example, a display 
screen for the notebook type computer, a monitor for 
apparatus, a view finder for videocam coder and so 
on. In the background, remarkable technical pro- 
gresses have been made, for example, liquid crystal 
display units with higher image quality, screens of 
large size, and mass production technology with re- 
duced costs. However, such progresses only involved 
the enhancement of display performance, and there 
was almost no instance of providing additional func- 
tions to the liquid crystal display unit. 

On the other hand, with the demands from the 
user side of products, numerous new functions are 
required for the business equipments and recording 
apparatuses as mentioned above. In particular, there 
have been proposed numerous methods of detecting 
the position at which the user of apparatus (herein- 
after referred to as the observer) stares to employ its 
detection signal for the system control. For example, 
there is a specific method of using this detection sig- 
nal as the focusing siynal of camera as disclosed in 
Japanese Patent Publication No. 1-241511. 

Referring now to Fig. 2, the outline of a focusing 
system will be described. Fig. 2 is a typical cross- 
sectional view showing schematically the constitu- 
tion of a single lens reflex camera. Light from an ob- 
ject (not shown) is transmitted through an objective 
lens 701 and reflected at a right angle against a main 
mirror 702, so that an Image is formed on a focusing 
screen 707 disposed corresponding to a photosensi- 



tive member 705 such as a film. The image formed 
on the focusing screen 707 follows the light path with- 
in a pentaprism 708 to pass through an eye-piece 709 
to be incident on an observer's eye 715. In Fig. 2, the 

5 objective lens at 701 is shown with only a single lens 
for the sake of convenience, but practically may be 
comprised of a plurality of lenses as well known. The 
main mirror at 702 is obliquely disposed in the light 
path for photographing, or moved out of the light path, 

10 depending on the observation (non-photographing) 
state or the photographing state. A sub-mirror at 703 
reflects light flux passing through the main mirror 702 
downward toward the bottom of a camera body to be 
incident on a focus detector 706a. 704a is a shutter, 

15 704b is a diaphragm disposed within the objective 
lens 701, and 704c is a drive mechanism for moving 
the objective lens 701 to effect focusing in a light axial 
direction. 705 is a photosensitive member, for exam- 
ple, a film of silver salt, a solid-state image pickup de- 

20 vice using CCD or MOS-type transistor, or an Image 
pickup tube such as a vidicon. 706a is a focus detec- 
tor capable of detecting the focal point at a plurality 
of positions on the sight line for photographing. 706b 
is an exposure value detecting unit comprising an im- 

25 age forming lens and a light receiver allowing for the 
separate metering. The image forming lens relates 
conjugately the focusing screen 707 disposed on a 
predefined imageforming plane for the objective lens 
1 to the light receiver via the light path within the pen- 

30 taprism 708. The output of the light receiver is sent to 
a microprocessor mp which can change the weighting 
to have a photometry sensitivity distribution around 
a plurality of central points. 

Rearward of an exit plane of the pentaprism 708 

35 for changing the finder light path, an eyepiece 709 is 
disposed, and used for the observation of the focus- 
ing screen with the observer's eye 715. 710 is a beam 
splitter, using a dichroic mirror for reflecting infrared 
ray, for example, which Is provided within the eye- 

40 piece 709. 711 is a condenser lens, 712 is a beam 
splitter such as a half-mirror, 713 is an illuminating 
light source such as an LED, which preferably emits 
the infrared (and near infrared) ray. Alight flux emerg- 
ing from the illuminating infrared light source 713 is 

45 passed along the finder light path as parallel light, for 
example, by virtue of the powerofthe condenser lens 
711 and the back face of the eyepiece 709 (the lateral 
side of the observer). 714 is a photoelectric converter 
which is disposed relative to the back face of the eye- 

50 piece 709 and the condenser lens 711 to be conjugate 
to the front eye part of the observer's eye, or partic- 
ularly the neighborhoodof a pupil, when the observer 
peeps through the eyepiece 709 properly. That is, 
one method is to dispose the appoint neighborhood 

55 of a finder optical system (708, 709) and the photo- 
electric converter 714 conjugately, preferably with 
the imaging power of 1 or less. 

With the above constitution, an imaging light flux 
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passing through the objective lens 701 is partially 
transmitted through the main mirror 702 and thus div- 
ided into a finder light flux and a focus detecting light 
flux. The focus detecting light flux is transmitted 
through the main mirror 702, and then reflected 5 
against the sub-mirror 703 to be incident on the focus 
detector 706a. In photographing, the main mirror 702 
is turned upward, and the sub-mirror 703 is folded up 
over the main mirror. And the film 705 is exposed to 
light for a predetermined time while a shutter vane io 
704a is opened and then closed. 

On the other hand, the finder light flux passes 
through the focusing screen 707 and enters the pen- 
taprism 708. Herein, a Fresne! lens integral with or 
separate from the focusing screen may be disposed is 
near the pentaprism 708. The light flux Is incident on 
the eye of the observer 71 5 who views an object im- 
age projected on the focusing screen 707 by enlarg- 
ing it by virtue of the dioptric-correction eye-piece 
709. 20 

The light path of a sight line detection system is 
as follows. An illuminating light emitting from the illu- 
minating infrared light source 713 is transmitted 
through the half-mirror 712, collimated to some de- 
gree, and reflectedfromthemirror710 totravel along 25 
the finder light path. It is desirable from the respects 
of finder brightness and illumination efficiency of the 
sight tine detection system that the beam splitter 710 
can transmit the finder light in visible range coming 
from the object, and the dichroic mirror can reflect il- 30 
luminating light In infrared range. However, it is pos- 
sible to substitute an ND half-mirror by considering on 
design that if using an infrared light source having too 
high luminance, the Illumination efficiency decreas- 
es. Illuminating infrared light Introduced into the find- 35 
er light path passes through the back face ofthe eye- 
piece 709 to illuminate the observer's eyeball. Here- 
in, it is expedient to make the Illuminating light a sub- 
stantially parallel light flux in entering the eyeball, so 
that the illumination condition can be unchanged if 40 
the position of observer's eye varies. This can be inv 
plemented by adjusting the power arrangement of 
each portion by utilizing the power of the lens 711 
placed ahead and the power of the back face of the 
eyepiece 709 together. 45 

Reflected light from the observer, which follows 
the reverse path, is transmitted through the mirror 
710 and the lens 711, and reflected from the half- 
mirror 712 to enter the photoelectric converter 714. 
Herein, it is desirable that an infrared transmission fi I- so 
ter for cutting off the visible light is inserted in the light 
path from the site where reflected light is separated 
from the finder light path to the site where it Is re- 
ceived by the photoelectric converter. This Is Intend- 
ed to cut off visible light of finder image reflected from ss 
the cornea to convert photoelectrically only reflected 
infrared light which is meaningful as the light signal. 
A photoelectric plane is placed at a site where the 



neighborhood of a crystal lens or pupil of the obser- 
ver's eye Is imaged with the total power of the lens 
711 and the back face ofthe eyepiece 709. Thereby, 
light acceptance is performed in the state where Pur- 
kinje's first, second, and fourth images are formed, 
whereby the amount of reflected light is not necessar- 
ily weak. The third Image does not greatly contribute 
to the photoelectric conversion signal because it is 
defocused and light is diffused. 

In order to implement the above system when the 
liquid crystal display unit Is used as the image dis- 
play, it Is Important to Incorporate a sight line detec- 
tion function, without increasing the number of com- 
ponents as well as the total size of unit by accumu- 
lating photoelectric conversion devices in a portion of 
the liquid crystal display unit. 

However, the conventtonal active-type liquid 
crystal display unit used TFTs for the driving of liquid 
crystal, but conventionally, TFT is composed of poly- 
sllicone, amorphous silicone, or single crystal sili- 
cone, with its film thickness being about several hun- 
dreds A to 1 ^im. On the other hand, to make efficient 
photoelectric conversion of infrared ray, it is neces- 
sary to have the thickness of about several |im for 
polyslllcone and amorphous silicone, and for single 
crystal silicone, the thickness of 5 fim at minimum. 
Because the light used for the sight line detection was 
an extremely weak signal, the integration of a liquid 
crystal display and a photoelectric converter was vir- 
tually impossible. 

That is. It was difficult that both an image display 
area capable of transmitting visible light to operate 
TFTs (Thin Film Transistor) and a photoelectric con- 
version area capable of making photoelectric conver- 
sion for the sight line detection by absorbing light 
enough were provided on the same substrate, and 
fabricated in a manufacturing process as simple as 
possible, as long as conventional liquid crystal dis- 
plays were used. 

Next, one example of the sight line detection 
method will be described below with reference to 
Figs. 3 and 4. 

Fig. 3 is a principle view of the sight line detection 
method. 

In the figure, 204 is a light source such as a light 
emitting diode for emitting Infrared ray insensitive to 
the object, which is disposed on the focal plane of a 
projection lens 206. 

Infrared ray emitted from the light source 204 is 
made a parallel light by the projection lens 206, and 
reflected against the half-mirror 205 to illuminate a 
cornea 201 of an eye ball 200. At this time, a Purkinje 
image d based on a part of infrared ray reflected from 
the surface ofthe cornea 201 is transmitted through 
the half-mirror 205 and converged by a light receiving 
lens 207 so that the Purkinje image d is formed again 
at a position d' on an Image sensor 209. Also, a light 
flux from the ends a, b of an iris 203 is Introduced via 
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the half-mirror 205 and the light receiving lens 207 
onto the Image sensor 209, where an Image on the 
ends a, b is formed at the positions a', b*. 

When the rotational angle 9 of the eye ball's opt- 
ical axis with respect to the optical axis of the light re- 
ceiving lens 207 is small, the coordinate Zcof the cen- 
tral position c of the iris 203 can be expressed as: 

Zc - (Za + Zb)/2 
where Za and Zb are Z coordinates of the ends a, b 
of the iris 203, respectively. Supposing that the Z co- 
ordinate of the position d where Purkinje image oc- 
curs is Zd, and the distance from the center of cur- 
vature o for the cornea 201 to the center of the iris 
203 is Loc, the rotational angle 9 of the eye ball's opt- 
ical axis can substantially satisfy the relation: 

Loc sin9 Zc - Zd (1) 
Therefore, the rotational angle 9 of the eyeball's opt- 
ical axis can be obtained by detecting the position of 
each feature point (each of images Za', Zb', Zd' on 
the image sensor 209 projected from the occurrence 
position d of Purkinje image and the ends a, b of the 
iris 203). Then, the above expression (1) can be re- 
written as: 

p.Loc.sin9 = (Za' - Zb')/2 - Zd' (2) 
Where p Is a magnifying power as determined by the 
distance Li between the occurrence position d of 
Purkinje image and the light receiving lens 207 and 
the distance U between the light receiving lens 207 
and the image sensor 209, which is normally a sub- 
stantially constant value. 

In this manner, by detecting the sight line (gazing 
point) of the observer's eyeball 200, it is possible to 
know at which point the photographer is staring on the 
focusing screen in the single lens reflex camera or 
video camera, for example. 

In the above example, the detection of Purkinje 
Image often becomes difficult because another peak 
output value appears at a position other than Pur- 
kinje image due to leak light from the external into the 
finder or reflection of illuminating infrared ray against 
the eyelashes. 

The above phenomenon will be described below 
with reference to Figs. 4A and 4B. 

Fig. 4A is an output of the image sensor 209 with- 
out leak light such as external light, where d Is Pur- 
kinje image, a, b is the boundary between the pupil 
and the iris 203, and 1, h is the k)oundary between the 
iris 203 and the sclera 202. 

If the externa! light is imaged on the image sen- 
sor 209, the output state is as shown in Fig. 4B, with 
a peak arising at the position f. Accordingly, this peak 
can not be distinguished from original Purkinje inrv- 
age, so that the sight line detection often fails. 

A concern of the present invention is to provide 
a display unit having a photoelectric converter excel- 
lent in the photoelectric conversion efficiency, and 
provide a view finder and an electronic camera, ca- 
pable of containing a display feature and a sight line 



detection feature with a good space efficiency. 

Also, it is another concern of the invention to pro- 
vide a view finder and an electronic camera wherein 
the user does not feel very fatigued in the long term 

5 use since the focusing for the display can be made in 
accordance with the sight line in using the viewf inder. 

Further, it is another concern of the invention to 
provide an electronic camera capable of surely pho- 
tographing the scene as desired by focusing, and ef- 

10 fecting quite excellent recording. 

Also, it is another concern of the invention to pro- 
vide a liquid crystal display unit which can be con- 
structed in smaller size by unifying a photoelectric 
converter into the liquid crystal display unit, and ad- 

15 ditionally provide a view finder and an electronic cam- 
era of smaller size and with higher performance. 

It is another concern of the invention to provide 
a sight line detector capable of detecting properly the 
sight line at all times, even under the service envir- 

20 onment where light other than illuminating light is in- 
cident from illuminating means. 

Also, it is another concern of the present inven- 
tion to provide a liquid crystal display unit having a 
pair of substrates and a liquid crystal material sealed 

25 between said pair of substrates, characterized by 
comprising semiconductor elements for driving said 
liquid crystal display unit, and photoelectric conver- 
sion elements disposed apart from sakj semiconduc^ 
tor elements, a view finder having said liquid crystal 

30 display unit, and a camera having said view finder. 

In addition, it is another concern of the Invention 
to provide a sight line detector having a plurality of 
light receiving means for receiving reflected light from 
the eyeball of the object (observer) which Is illumin- 

35 ated from illuminating means illuminating the eye- 
ball, and calculating means for calculating the sight 
line direction of the object (observer) based on the 
output signals from said plurality of light receiving 
means, wherein by taking a logical product of output 

40 signals from said plurality of light receiving means, for 
example, and separating between an original Pur- 
kinje image output and a pseudo peak output, the 
sight line direction of the object (observer) is calcu- 
lated from a Purkinje image obtained. 

45 Also, it is another concern of the invention to pro- 
vide a display unit having illuminating means for illu- 
minating the observer's eye, a light converging opti- 
cal system for converging the reflected light from the 
observer's eye, photoelectric conversion means for 

50 detecting reflected light converged, and calculating 
means for calculating the sight line direction of the 
observer's eye with the output of said photoelectric 
conversion means, characterized that said photo- 
electric conversion means and said image display 

55 means are disposed adjacent each other, and said 
photoelectric conversion means is driven using at 
least a part of driving means for driving said image 
display means. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a typical constitutional view for explain- 
ing an example of conventional liquid crystal display 
unit 

Fig. 2 and Fig. 3 are typical cross-sectional views 
for explaining an example of the constitution for the 
sight line detection. 

Figs. 4A and 4B are graphic representations 
showing the output state of an image sensor as 
shown in Fig. 3 when the external light is not incident 
and incident, respectively. 

Fig. 5 is a view showing the essential constitution 
of a sight line detector according to the first embodi- 
ment of the present invention. 

Figs. 6A and 68 are graphic representations 
showing the output state of each image sensor as 
shown in Fig. 5 when the external light is not incident. 

Figs. 7A and 78 are graphic representations 
showing the output state of each image sensor as 
shown in Fig. 5 when the external light is incident. 

Fig. 8 is a viewshowing the essential constitution 
of a sight line detector according to the second em- 
bodiment of the present invention. 

Figs. 9, 10 and 11 are views showing the consti- 
tution of an image display unit having a photoelectric 
converter. 

Fig. 12 Is a view showing the constitution of an 
imagedisplay unit including a photoelectric converter 
(image sensor) and calculation means according to 
the present invention. 

Fig. 13 is a view showing the essential constitu- 
tion of a sight line detector according to another enn- 
bodiment of the present invention. 

Fig. 14 is a view showing the essential constitu- 
tion wherein a sight line detector according to the 
present invention Is incorporated into a single lens re- 
flex camera. 

Fig. 15 is a schematic plan view for explaining an- 
other example of a liquid crystal display unit accord- 
ing to the present invention. 

Fig. 16 is a circuit diagram for explaining a display 
and a driver for the liquid crystal display unit 

Fig. 1 7 is a circuit diagram of a photoelectric con- 
verter. 

Fig. 18 is a typical view for explaining an optical 
system of a sight line detecting system. 

Fig. 1 9A is a typical cross-sectional view showing 
a substrate of a liquid crystal display unit as described 
in embodiment 7, and Figs. 19B to 19D are typicai 
cross-sectional views for explaining its fabrication 
process, respectively. 

Fig. 20A is a typical cross-sectional view showing 
a substrate of a liquid crystal display unit as described 
in embodiment 8, and Figs. 20B to 20C are typical 
cross-sectional views for explaining its fabrication 
process, respectively. 

Fig. 21 A is a typical cross-sectional view showing 



a substrateof a liquid crystal display unit as described 
in embodiment 9, and Figs. 218 to 21 D are typical 
cross-sectional views for explaining its fabrication 
process, respectively. 

5 Fig. 22 is a typical cross-sectional view for ex- 

plaining an embodiment of a liquid crystal display unit 
according to the present invention. 

Figs. 23A to 23B are typical cross-sectional 
views for explaining the fabrication method of a senrv 

10 iconductor substrate for use with the present inven- 
tion, respectively. 

Fig. 24 is a typical constitutional view for explain- 
ing an embodiment of the constitution of an electron- 
ic camera. 

15 Fig. 25 is a schematic circuit diagram for explain- 

ing another embodiment of the present invention. 

Figs. 26A to 26H are drive timing charts as de- 
scribed in embodiment 12. 

Figs. 27 to 31 8 are typical cross-sectional views 
20 showing a display pixel and a photoelectric converter. 

Figs. 32 to 34 are schematic block diagrams 
showing a display unit of the present invention. 

Fig. 35 is a typical perspective view for explaining 
another embodiment of the present invention. 
25 Fig. 36 is an operation diagram for explaining an 

embodiment 20 of the present invention. 

Figs. 37A to 37C are views showing a manufac- 
turing process of a device applicable with the em- 
bodiment 20 of the present invention. 
30 Fig. 38 is a cross-sectional view showing a con- 

stitutional embodiment of a photodetector according 
to the present invention. 

Fig. 39 is an operation diagram for explaining an 
embodiment 21 of the present invention. 
35 Fig. 40 is a cross-sectional view showing the con- 

stitution of a photodetector in an embodiment 21 of 
the present invention. 

Fig. 41 is a view showing an embodiment 22 of 
the present invention. 
40 Figs. 42Ato 42C are views showing the manufac- 

turing process in the embodiment 22 of the present 
invention. 

Fig. 43A is a typical plan view of a display unit 
having a photoelectric converter, and Fig. 43B is a 
45 typical cross-sectional view showing one embodi- 
ment 

Fig. 44 is a typical cross-sectional view showing 
one embodiment of another display unit 

Fig. 45 is a cross-sectional view of a photoelec- 
50 trie converter in an embodiment of the present inven- 
tion. 

Figs. 46Aand 46B are explanation views of a de- 
pletion layer for a photoelectric converter according 
to the present invention. 
55 Figs. 47A to 47E are fabrication process views of 

a photoelectric converter in an embodiment of the 
present invention. 

Fig. 48 is a typical cross-sectional view for ex- 
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plaining another fabrication process of a photoelec- 
tric converter in an embodiment of the present inven- 
tion. 

Fig. 49 is a cross-sectional view of a photoelec- 
tric converter in an embodiment 25 of the present in- 5 
vent ion. 

Fig. 50 is a cross-sectional view of a photoelec- 
tric converter In an embodiment 26 of the present In- 
vention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The present invention will be described in detail 
in connection with the embodiments as shown in the 
accompanying drawings. 

(Embodiment 1) 



15 
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Fig. 5 is a view showing the essential constitution 
of a sight line detector according to the first embodi- 
ment of the present invention, wherein the present in- 
vention has been achieved for the detection of the 
sight line of the observer with a finder in a video canv 
era. 25 

In Fig. 5, 500 is an eye ball of the object, 501 is 
a cornea of the eye ball of the object, 502 is a sclera, 
and 503 is an iris. 504a, 504b are light sources, re- 
spectively, which are light emitting diodes for emit- 
ting infrared ray insensitive to the object 506a, 506b 30 
are projection lenses, respectively, which illuminate 
the surface of the cornea 501 with light flux from the 
light sources 504, 504b. Note that a light source 504a 
and a projection lens 506a constitute a first illumin- 
ating means and a light source 504b and a projection 35 
lens 506b constitute a second illuminating means. 

507, 508 are light receiving lenses, respectively, 
through which an image at the end points a, b of the 
iris is formed on the plane of the image sensors 505, 
509. Note that a light receiving lens 7 and an Image 40 
sensor 505 constitute a first light receiving means 
and a light receiving lens 508 and an image sensor 
509 constitute a second light receiving means. 

511 is a liquid crystal panel, and 512 is a back 
light illuminating the liquid crystal panel 511 from the 45 
back side thereof, which constitute a liquid crystal 
finder for an image display unit, whereby an image 
displayed on the liquid crystal panel 11 is formed 
through an objective lens 513 and an eyepiece 514 
on the cornea of the eyeball 500 of the object. so 

515 is calculation means for calculating the sight 
line of the object, using output signals from the image 
sensors 505, 509. 

Figs. 6A and 6B show the output signals from the 
image sensors 505, 509 in the Ideal state without ex- 55 
ternal light entering. 

Herein, the signal is considered to be an output 
from a one-dimensional line sensor for the sake of 



simplicity, but it will be appreciated that the same 
thing can be applied to a two-dimensional area sen- 
sor. 

In Figs. 6Aand 68, e is a peak output of Purkinje 
image with the first illuminating means from the inrv 
age sensor 5, and e' is a peak output of Purkinje im- 
age with the second Illuminating means from the inn- 
age sensor 9. 

Herein, one illuminating means is used for each 
of the image sensors 505, 509, but it is naturally pos- 
sible that two or more illuminating means can be also 
used. 

Figs. 7Aand 78 show the output signals when the 
external light such as solar rays enters the finder. 

Herein, it is supposed that when the external light 
is incident, an Image is formed through the light re- 
ceiving lens 507 on the Image sensor 505. Due to this 
external light, a peak output appears at the position 
f. 

In this way, a pseudo peak signal is output from 
the Image sensor 505, but because the optical axis 
of the first light receiving means is not coincident with 
that of the second light receiving means, the external 
light is less likely to enter the image sensor 509, so 
that no pseudo peak signal is output from the Image 
sensor 509. 

Therefore, the output from the image sensor 505 
and the output from the image sensor 509 are trans- 
ferred into the calculation means 515 to make a de- 
termination whether or not the output from the image 
sensor is normal without having multiple peak out- 
puts, so that the sight line of the observer can be de- 
tected by performing operations in accordance with 
the above expressions (1) and (2), and the correction 
calculation for the visual line. 

Also, the correct position of Purkinje image can 
be detected by making a logical calculation for the 
positions of the peak outputs from the image sensor 
505 and the image sensor 509. 

As the logical calculation for the detection, two 
operations are available: 

1) Logical product 

2) Exclusive OR 

These operations will be described below. 
1) "Logical product" 

Purkinje image with the first illuminating means 
is formed on the image sensor 505, and Purkinje inrt- 
age with the second illuminating means is formed on 
the image sensor 509. The address of Purkinje image 
detected by the image sensor 505 is A1 , and the ad- 
dresses detected by the Image sensor S09 are 81, 
82. Herein, 81 is the address of Purkinje image and 
82 is the address with the external light. 

if the optical system is designed such that Pur- 
kinje image is formed at the same positions on the 
image sensor 505 and the image sensor 509, it fol- 
lows that address A1 Is equal to address 81 . Herein, 
by taking a logical product between the output of the 
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i mage sensor 505 and the output of t he i mage sensor 
509, the correct peak position of Purkinje image can 
be detected by removing the address B2 (peak with 
the external light). 

Also, if Purkinje image is not formed at the same 5 
positions on the image sensors 505, 509, the same 
effect can be obtained by subtracting the of^et 
amount of position and calculating the logical prod- 
uct. 

2) "Exclusive OR" io 

An optical arrangement is adopted in which Pur- 
kinje image with the first illuminating means is 
formed on the image sensor 505, and Purkinje image 
is not formed on the second image sensor 509. That 
is, since the image sensor 509 has the image formed is 
only by the external light, a correct Purkinje image 
can be detected in the output from the image sensor 
505 by calculating the exclusive OR of the outputs of 
the Image sensors. 

As described in this embodiment, the sight line 20 
detection can be effected without Influence from the 
external light by using a plurality of image sensors for 
the sight line detection sensor, and making a compar- 
ison between the outputs. 

While in this embodiment a liquid crystal finder Is 25 
used for the image display unit, it will be appreciated 
that this embodiment Is naturally applicable to an inv 
age display unit using a Braun tube. Also, while two 
illuminating light sources are used, it will be appreci- 
ated that three or more light sources can be naturally 30 
used, or conversely only one light source may be 
used if the optical system is designed. 



ment, the liquid crystal panel 3 has a size of 25x27 
mm, while the image sensor is sufficient with a size 
of 2x3 mm. 

Also, the image sensor 4 may be provided at the 
positions as shown in Fig. 10. 

In this second embodiment, the liquid crystal 
panel 3 and a plurality of i mage sensors 4 are consti- 
tuted of one chip, whereby the apparatus can be 
made smaller and the costs reduced. 

(Embodiment 3) 

Fig. 11 is a view showing the constitution of an 
image display unit comprising image sensors accord- 
ing to the third embodiment of the present invention, 
wherein like reference numerals are attached to the 
same parts as used In Fig. 9. Note that the other con- 
stitution is identical to that of the embodiment 2, and 
is not described any more. 

While in the above embodiment 2, the image 
sensors 4 are provided at two positions on the upper 
and lower sides of the liquid crystal display panel (liq- 
uid crystal display area), it Is seen in this embodiment 
that image sensors 4 are further provided on the right 
and left sides of the liquid crystal panel. Also, it will 
be understood that the number of image sensors is 
not limited to two, but may be greater than two. 

In this embodiment, four image sensors 4 arc 
provided on the upper and lower, right and left sides 
of the liquid crystal display panel (liquid crystal dis- 
play area), whereby the higher precision detection of 
the sight line can be effected. 



(Embodiment 2) 

35 

Fig. 8 is view showing the essential constitution 
of a sight line detector according to the second enrv 
bodlment of the present invention, wherein the like 
reference numerals are attached to the same parts 
as used In Fig. 5. 40 

In Fig. 8, 516 is an Image display unit having im- 
age sensors around the periphery thereof. 

Fig. 9 is a schematic plan view showing the inrv 
age display unit 516. 

In Fig. 9, 17 is an 501 substrate, 3 Is a liquid crys- 4S 
tal panel (liquid crystal display area), 2 is a liquid crys- 
tal drive circuit, and 4 is an Image sensor. 

In the previous first embodiment, at least two 
chips for image sensors and one chip for liquid crystal 
panel are required as the semiconductor element, so 
whereas in this second embodiment, there are pro- 
vided an image sensor 4 and a liquid crystal panel 3 
within the same chip, resulting in the feature of less 
components and smaller size. 

Since the image sensor 4 is smaller as compared 55 
with the liquid crystal panel 3, it can be constitute of 
one chip without significant increase in the area and 
with favorable costs. For example, in this embodi- 



(Embodlment 4) 

Fig. 12 Is a view showing the constitution of an 
image display unit comprising the image sensors ac- 
cording to the fourth embodiment of the present In- 
vention, wherein like reference numerals are attach- 
ed to the same parts as used In Fig. 9. 

In this embodiment, an image display unit a sight 
line detecting image sensor, and calculating means 
151 are constituted of one chip. Note that the other 
constitution Is identical to that of the embodiment 2, 
and is not described any more. 

Herein, calculating means 14 is a microproces- 
sor, for example, which executes the address correc- 
tion, the logical operation (logical product, exclusive 
OR), and the above expressions (1) and (2). 

With this constitution, the apparatus can be 
made still smaller and the costs reduced. 

(Embodiment 5) 

Fig. 13 is a view showing the essential constitu- 
tion of a sight line detector accordiny to the fifth en>- 
bodiment of the present invention, wherein like refer- 
ence numerals are attached to the same parts as 



13 



EP0 605 246 A2 



14 



used in Fig. 5. 

In Fig 1 3, 521 is a dichroic mirror for reflecting in- 
frared ray. 

Infrared ray emitted from the light sources 504a, 
504b is made a parallel light through projection lens 
506a, 506b to illuminate the eyeball 500. Infrared ray 
reflected from the eyeball 500 is reflected against the 
dichroic mirror 521 and transmitted through a tight re- 
ceiving lens 507 to form an image on an image sensor 
505. Likewise, an image Is formed through the light 
receiving lens 507 on an image sensor 509. 

Calculation means 515 accepts the outputs from 
the above Image sensors 505, 509 and performs the 
same calculation as In the embodiment 1 to make the 
sight line detection of the observer. 

This emt>odiment is effective when image sen- 
sors 505, 509 can not be provided around the periph- 
ery of the image display unit. 

(Embodiment 6) 

Fig. 14 is a view showing the essential constitu- 
tion of a sight line detector according to the sixth enr>- 
bodiment of the present invention, wherein like refer- 
ence numerals are attached to the same parts as 
used in Fig. 5. 

This embodiment is a single lens reflex camera 
using a TTL finder as the Image display unit. 

In Fig. 14, 522 is an objective lens, and 523 is a 
main mirror. 524 is a sub-mirror for reflecting down- 
ward the light flux transmitted through the main mir- 
ror 523 into a focus detector 525. 526 is a shutter, 527 
is a focusing screen, 528 is a pentaprism, 529 is an 
eyepiece, and 530 is a dichroic mirror. 

Light flux reflected from the main mirror 523 is 
imaged on the focusing screen 527, so that an image 
formed on the focusing screen 527 is transmitted 
through the pentaprism 528 and the eyepiece 529 
onto the retina of the eyeball 500. 

In the light path of a sight line detection system, 
an image of infrared ray emitted from light sources 
504a. 504b and reflected from the cornea is formed 
via the dichroic mirror 530 on the image sensors 505, 
509 for the sight line detection, respectively, as 
shown in the embodiment 5. 

With the above constitution, a camera having 
sight line detection ability that is strong to the exter- 
nal light can be provided. 

Next, a liquid crystal display unit having photo- 
electric conversion elements (sensors) will be descri- 
bed in more detail. 

Fig. 15 is schematic plan view of a liquid crystal 
display unit having photoelectric conversion ele- 
ments according to the present invention, wherein 1 
is an outer shape of panel, 2 is a drive circuit area, 3 
is a display and 4 is a photoelectric conversion area. 
Fig. 16 is a circuit showing a part of the display and 
the drive circuit of the liquid crystal display unit, com- 



prising a horizontal shift register 5 and a vertical shift 
register 6, as the drive circuit, and a TFT 9, a liquid 
crystal 10 and an auxiliary capacity 11 for each pixel. 
The horizontal shift register 5 driven by a synchron- 
5 izing signal (not shown) of the image sends an image 
signal to the signal line 7a, 7b. which image signal is 
applied to a liquid crystal through the TFT 9 which can 
open or close upon a scan signal output from the vert- 
ical shift register 6, driven also by the synchronizing 

10 signal, to the scan lines 8a, 8b. The auxiliary capacity 
11 is provided so that the voltage applied to the liquid 
crystal 10 may not fluctuate due to variations of the 
signal line 7a and the scan line 8a. 

Fig. 17 shows a circuit diagram of a photoelectric 

15 converter, comprised of a BASIS (Base Store-type 
Image Sensor) area sensor wherein bipolar amplifi- 
cation-type sensors arc arranged in two dimensions. 
The detail operation of this area sensor is described 
in, for example, "Technical Digest", 1989 IEEE solid- 

20 state circuit conference, pp. 96 to 97. In the above de- 
scription, a sensor for detecting the visible light is pro- 
vided, but a sensor suitable for infrared ray can be 
easily obtained by making a slight change of sensor 
structure as will be described later. In Fig. 17, a sen- 

25 sor section 21 is supplied with a read pulse by the 
vertical shift register 24, and outputs a photoelectric 
conversion signal to the reading circuits 22, 25. Out- 
put signal is sequentially read out by the horizontal 
shift registers 23, 26. Note that this circuit contains a 

30 fixed pattern noise automatic suppression circuit 
whereby the final signal is a difference between sig- 
nal component SI and photoelectric conversion 
noise component N1, as indicated at 25. The reason 
why two reading circuits 22, 25 and two horizontal 

35 shift registers 23, 26 are provided is to lower the drive 
frequency of the horizontal shift register, wherein two 
circuits may not be necessarily provided if the higher 
speed Is attained with fine structure. 

Fig. 18 is a typical view showing an optical sys- 

40 tem where a sight line detection system is constituted 
by using a liquid crystal display unit of the present in- 
vention. Visible light emitted from a backlight 512 pro- 
jects an image of a liquid crystal display panel 511, 
which image passes through a display panel convex 

45 lens 513a to be incident on the eyeball 500. On the 
other hand, an Infrared light source 504a for the sight 
line detection is converged by a condenser lens 506b, 
and reflected against a cornea face 501 a or a cornea 
back face 501 b to be incident on a condenser convex 

50 lens 51 3b for photoelectric conversion. The shape of 
the convex lens 513b is determined so that incident 
light is imaged on a photoelectric converter residing 
on the plane of the liquid crystal display panel 511. 
As described above, in the present invention, by 

55 providing a photoelectric converter usable for the 
sight line detecting system on the liquid crystal dis- 
play unit, the total system can be configured In small- 
er size and with higher performance. 

8 
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However, an active matrix-type liquid crystal dis- 
play unit using a thin film transistor (TFT) is fabricated 
by, for example, forming a thin film semiconductor 
layer composed of Si on the transparent substrate, 
and providing TFTs as the switching elements on this 5 
thin film semiconductor layer, as described above. 
Transparent electrodes of ITO are formed thereon to 
provide liquid crystal drive electrodes. The input side 
of TFT is connected to the signal wiring, and the out- 
put side thereof is connected to the liquid crystal drive io 
electrode. The image can be displayed by sending 
each pixel electrode video signal in synchronization 
between the gate signal to be input into the gate wir- 
ing for controlling the TFT and the video signal to be 
input into the signal wiring. is 

When an electronic view finder is constituted by 
the liquid crystal display unit, it is not practical to at- 
tach an input pad to each of gate wirings and signal 
wirings to make a connection to the drive circuit, be- 
cause of its small size. Thus, It is general to form a liq- 20 
uid crystal drive circuit and the liquid crystal display 
on the same substrate. 

And if a photodetectorand a photodetector driver 
are constituted on the same substrate as the liquid 
crystal display unit, it is possible to construct the liq- 25 
uid crystal display unit having a sight line detection 
feature compactly and cheaply, and further to feed 
back the output from the sight line detector to the liq- 
uid crystal display unit. 

However, in constituting the liquid crystal display 30 
unit and the sight line detector of one chip, the follow- 
ing problems may be often encountered. 

The thin film semiconductor layer for use in the 
display and drive circuit of the liquid crystal display 
unit is single crystal or polycrystal, and can not be 35 
said to be best for the photoelectric conversion area. 
Because almost light can be transmitted through the 
thin film semiconductor layer with the thickness of 
semiconductor layer, the detection efficiency often 
decreases. For single crystal Si, for example, when 40 
the wavelength of detection light is 800 nm with an Si 
film thickness of 0.5 nm, the quantum efficiency is 
5%. Accordingly, when the quantum efficiency of 
80% or more is required, the Si film thickness must 
be 16 nm or greater. 45 

Accordingly, It is preferable that, by forming the 
photoelectric converter for the photodetector in the 
liquid crystal display unit of an optimal semiconductor 
material, for example, amorphous Si (hereinafter re- 
ferred to as a-Si), the photodetector has a higher de- so 
tection efficiency. 

In the following, the liquid crystal display unit hav- 
ing light receiving means (sensor) such as photoelec- 
tric conversion element according to the present in- 
vention will be described in detail in connection with ss 
the specific embodiments. 



[Embodiment 7] 

Fig. 1 9A is a typical cross-sectional view showing 
a display 122, a drive circuit 121, and a photoelectric 
converter 120 integrated on a silicone substrate. This 
embodiment utilizes polysilicone as the active layer 
of pixel TFT, the drive circuit of CMOS constitution, 
and a bipolar ampiification-type sensor as the photo- 
electric converter. 

The photoelectric converter 120 has a bipolar 
transistor composed of an epitaxial layer 104 as the 
collector, a base region 106 and an emitter region 
116, and a reading capacitor composed of the capac- 
itive coupling between polysilicone 107a and the 
base region 106. The epitaxial layer 104 has suitably 
a thickness of 5 to 20nm to convert photoelectrical ly 
infrared ray. Also, a buried layer 103 reduces the col- 
lector resistance, as well as reducing the dark current 
by suppressing the diffusion current from the sub- 
strate which occurs when the silicone substrate 101 
is of the same type as the epitaxial layer. The drive 
circuit 121 is a CMOS, comprised of an NMOS made 
within P well 105 and a PMOS made within the epi- 
taxial layer 104. The display is comprised of TFTs of 
n-type or p-type polysilicone channel. The thickness 
of polysilicone channel 112 is permitted in the range 
from several hundreds to several thousands A, but 
can be determined to an appropriate thickness in con- 
sideration of the magnitude of the leak current of TFT 
and the source-drain resistance. A hollow portion 102 
Is formed by wet etching a part of the silicone sub- 
strate 101 and the epitaxial layer 104, for example, 
with an aqueous solution having 2.38wt% of KOH 
(potassium hydroxide) tetramethyl-ammoniunrv hy- 
droxide (TMAH). By renrK>ving a silicone layer opaque 
to visible light in this way, the display is made trans- 
parent. 

A manufacturing process for providing the struc- 
ture of the present invention will be described with 
reference to typical cross-sectional views of Figs. 
19B to 19D. First, after a buried layer 103 is formed 
on a silicone substrate 101, an epitaxial layer 104 of 
Si is deposited 5 to 20 \im thick. Then, Si02 and sili- 
cone nitride film are grown on the surface of the epi- 
taxial layer and patterned. And an LOCOS oxide film 
108 is formed by LOCOS. This oxide film serves as 
the element separation between drive circuit and 
photoelectric converter and the etching stopper for 
the hollow in the display. Thereafter, P-well region 
1 05 and base region 1 06 are formed as shown in Fig. 
19B. After separation region 109 is formed with a 
non-doped polysilicone layer, polysilicone 123 is de- 
posited to form an active layer (Fig. 19C). Thereafter, 
polysilicone is deposited to form reading capacitor 
107a, CMOS gate 107b, and TFT gate 113. Subse- 
quently, emitter 116, NMOS source-drain 117, and 
TFT source-drains 110, 111 are formed by ion implan- 
tation (Fig. 19D). After an interlayer insulating layer 
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114 is deposited, electrodes are formed of aluminum, 
whereby the constitution of Fig. 1 9A results. 

As described above, in this embodiment, the 
photoelectric converterand the drive circuit as well as 
TFTs are integrated on a high quality silicone sub- 
strate, by utilizing the polysilicone process and the 
LOCOS oxidation technique. 

With the constitution of this embodiment, a high- 
ly sensitive photoelectric converter, a drive circuit and 
a liquid crystal display can be Integrated on the same 
silicone substrate, so that the liquid crystal display 
panel having a sight tine detecting feature can be fab- 
ricated cheaply and in compact. In particular, this em- 
bodiment does not require that TFTs for the display 
are formed on an expensive, uncontrollable glass 
substrate, so that the substrate can be cheap, and 
the conventional integrated circuit manufacturing 
process can be used directly. 

[Embodiment 8] 

Fig. 20A is a typical cross-sectional view of a liq- 
uid crystal panel for explaining the eighth embodi- 
ment of the present Invention. A photoelectric conver- 
ter 1 220 consists of a bipolar transistor composed of 
an epitaxial layer 1204 as the collector, base region 
1206, and emitter region 1216, and reading capacitor 
composed of the capacitive coupling between polysi- 
licone 1207a and the base region 1206. A drive circuit 
1 221 is a COMS, comprised of an NMOS made within 
P-well 1205 and a PMOS made within the epitaxial 
layer 1204. A feature of this embodiment is that the 
active layer of TFT on the display is single crystal sil- 
icone. TFTs reside on buried insulating film 1203, and 
NMOS channel region 1211 and source-drain region 
1210 are formed with the same process as the drive 
circuit. 

In this embodiment, the silicone substrate for the 
display is made transparent by etching (hollowing), as 
in the embodiment 7, the buried insulating film 1203 
serving as the stopper in etching. 

An example of the manufacturing process to form 
the structure of the present invention will be descri- 
bed below, using the typical cross-sectional views of 
Figs 20B and 20C. 

First, to form a buried insulating layer 1203, the 
surface of epitaxial layer 1204, except for the display, 
is covered with a thermal oxide film 1224 and an ox- 
ide film 1225 by vapor phase growth. Next, using a 
large current ion implanter, oxide ions as many as 
4E17 to 2.4-E13 (ions/cm2) are Implanted at 150 to 
SOOKeO. After implantation of oxide ions, the anneal- 
ing is made at a temperature of 11 00 to 1250°Cfor the 
time period from two to twenty hours to form the bur- 
led insulating layer (oxide film) 1203 having a thick- 
ness of 2000 to 5000A (Fig. 20B). 

Next, a TFT channel region 1211 for the P-well 
1205 of the drive circuit and a base region 1206 of the 



photoelectric converter are formed, and by deposi- 
tion of polysilicone and patterning, a reading capacity 
electrode 1207a in the photoelectric converter, a gate 
electrode 1207b in the drive circuit, and a TFT gate 

5 electrode 1213 are formed (Fig. 20C). 

By ion implantation, an emitter 1216. CMOS 
source-drains 1217, 1218, and a TFT source-drain 
1210 are formed, and after an interlayer insulating 
film 1214 is deposited, an electrode is formed of alu- 

10 minum, whereby the constitution of Fig. 20A results. 

In this embodiment, as the TFT active region is 
single crystalline silicone, the TFT with small leak 
current and large driving power can be easily ot>- 
tained. With the experiments, it is shown that the leak 

15 current is below 1 0(fA) per pixel, and the TFT current 
driving power is above ten times that of polysilicone 
TFT, whereby 64 or more gradations in black and 
white can be implemented with the liquid crystal dis- 
play. Also, since a sufficient drive power can be ob- 

20 talned with the gate width of TFT of 3 jim or less, the 
numerical aperture of pixel can be increased, where 
a liquid crystal panel having 300 thousands or more 
pixels can be Implemented. Also, since the photoelec- 
tric converterand the drive circuit have the equivalent 

25 performance to that of embodiment 7. a highly pre- 
cise liquid crystal display panel of high gradation hav- 
ing the sight line detection feature applicable can be 
realized. 

30 [Embodiment 9] 

Fig. 21 A is a typical cross-sectional view of a liq- 
uid crystal panel for explaining the ninth embodiment 
of the present invention. A photoelectric converter 

35 320 consists of a bipolar transistor composed of an 
epitaxial layer 304 as the collector, a base region 306, 
and an emitter region 316. and a reading capacitor 
composed of the capacitive coupling between polysi- 
licone 307a and the base region 306. A drive circuit 

40 321 is a CMOS, comprised of an NMOS made within 
a P-well 305 and a PMOS made within the epitaxial 
layer 304. Afeature of this embodiment is that the ac- 
tive layer of TFT on the display is single crystal sili- 
cone, and a bonded substrate without expensive ion 

45 implantation of large current is used at reduced 
costs. TFTs reside on an insulating substrate as ob- 
tained by bonding, and the drive circuit and the pho- 
toelectric converter are made within the epitaxial sin- 
gle crystalline silicone 304 where the thin silicone 

50 layer 323 and insulating layer 330 on the insulating 
substrate are removed. As in the seventh and eighth 
embodiments, the silicone substrate for the display 
is made transparent by etching (hollowing), the buried 
insulating film 303 serving as the stopper in etching. 

55 The manufacturing process to implement the 

structure of the present invention is the same as that 
of embodiment 8, except for the fabrication method 
of the substrate, and thereby, the manufacturing of 

10 



19 



EP 0 605 246 A2 



20 



the insulating substrate will be described below in de- 
tail, using the typical cross-sectional views of Figs. 
21 B to 21 D. 

Fig. 21 B shows a cross-sectional view of the in- 
sulating substrate. 323 is a thin film silicone layer, 
330 Is an insulating layer, 304 is an epitaxial layer, and 
301 is a silicone substrate. This structure can be re- 
alized by bonding a first silicone wafer formed with 
epitaxial layer on the surface and a second silicone 
wafer formed with insulating film on the surface, 
which are opposed to each other, and then polishing 
the second silicone wafer to form a thin film silicone 
layer having a desired thickness. Of course, it suffic- 
es that a thinned single silicone layer is placed on the 
silicone substrate as insulated, and the fabrication 
method is limited to the above manner. 

Next, the thin film silicone layer and insulating 
layer 330 on the silicone surface to serve as the drive 
circuit and photoelectric converter are removed from 
the substrate (Fig. 21 C). Thereafter, the structure of 
Fig. 21Acan be realized through the same manufac- 
turing process as in the embodiment 8. 

Fig. 21 C shows a step of about up to 1 ^m be- 
tween the display and the other portion. Therefore, it 
is apprehended that the pattern dimension is differ- 
ent between upper and lower stages of the step, be- 
cause the depth of focus can not be attained by pat- 
tern printing with the photolithography. One measure 
for solving this problem is to bury again silicone single 
crystal only in the lower region of the step, for exanv 
ple, as shown in Fig. 21 D. For example, a selective 
epitaxial growth is performed after only the pixel por- 
tion is covered with the insulating film, or a single 
crystal growth is made by two frequency bias sput- 
tering. In the case of Fig. 21 D, the following manufac- 
turing process is not different from that of Fig. 21 C. 

According to this embodiment, a high precision 
liquid crystal display panel of high gradation with the 
sight line detecting feature can provided by using an 
insulating substrate made by bonding. 

As in the embodiment 8, the leak current for the 
pixel TFT is below 10(fA) and the driving power is 
above ten times that of polysilicone TFT, whereby 64 
or more gradations in black and white can be imple- 
mented with the liquid crystal display. 

Further, the liquid crystal display panel can be 
provided at low manufacturing costs and with good 
yields because expensive ion implantation process of 
large current, which easily produces crystal defects, 
is not necessary. 

[Embodiment 10] 

This embodiment 10 of the present invention will 
be described below using Figs. 22 and 23A to 23E, 
Fig. 22 is a typical cross-sectional view of a liquid 
crystal display unit with a photoelectric converter ac- 
cording to the present Invention, and Figs. 23Ato 23E 



are typical cross-sectional views showing typically 
how to fabricate a substrate for the unit 

In Fig. 22, 401 is a photoelectric converter region. 
402 is a p-type single crystalline region, and 403 is an 
5 n-type single crystalline region, 402 and 403 consti- 
tuting a photodiode. The other structure is identical 
to that of the seventh to ninth embodiments, for ex- 
ample, and is not described any more. 

404 is a switching transistor portion of the liquid 

10 crystal display, 408 is a signal line, 409 is a scan line, 
and 41 0 is a pixel electrode. 405 is a liquid crystal lay- 
er. 407 is a transparent electrode with a color filter, 
and 406 is a substrate having such components pro- 
vided thereon. As indicated at 400, 400', the TFT 

15 semiconductor layer thickness of the liquid crystal 
display is thinner than the semiconductor layer in the 
photoelectric converter, wherein the optimal layer 
thickness can be formed by both layers. 

In this embodiment, a photoelectric converter 

20 and a liquid crystal display are composed of single 
crystal layers provided on the insulating substrate, 
but different in thickness. This can be accomplished 
by etching the region of liquid crystal display to a de- 
sired thickness (several lOOAto several lOOOA), or 

25 making selective epitaxial growth on the SOI sub- 
strate only for the photoelectric converter to thereby 
thicken the single crystalline layer. 

Further, a method of fabricating the substrate 
with the above structure without using any new proc- 

30 ess will be described below using Figs. 23Ato 23E. 

In Fig. 23A, the area predefined to form the liquid 
crystal display region is made porous in a normal high 
density p-type substrate 411, as indicated at 412. 
This can be done by flowing a current of several A 

35 through a water solutk>n having 49%HF alcohol add- 
ed. It is necessary that the area having no porous lay- 
er formed is sealed to prevent the above solution 
from entering therein. The thickness of porous layer 
was 20 ^m. 

40 Next, a 3 ^m thick epitaxial layer as indicated at 

413 was formed on the surface of Fig. 23A by LP- 
CVD. as shown in Fig. 23B. Thereafter, a substrate 
415 formed with oxide layer 414 is prepared (Fig. 
23C), separately from the substrate, and bonded with 

45 the epitaxial layer surface of Fig. 23B, as shown at 
416. They were bonded in the atmosphere of N2or O2, 
and subjected to heat treatment at temperature of 
1 000**C for the closer contact 

Next, the side of the substrate opposite the epi- 

50 taxial layer was ground by a grinder until the porous 
layer was exposed, as indicated at 417 (Fig. 23D). 

Finally, by immersing this wafer in HF+H2O2 (1 :5) 
solution, only the porous layer were selectively re- 
moved as indicated at 41 8 in Fig. 23E. Thereby, a thin 

55 region 420 and a thick region 41 9 of single crystal Si 
layer could be formed. In this manner, any complicat- 
ed process was eliminated to simply proceed to the 
next process. 
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with the above constitution, the focusing was per- 
formed, following the sight line of the observer, so 
that the focused display in viewing direction could be 
obtained at any time. And there were no troubles of 
5 operation because the focusing could be always at- 
tained in the direction of sighting. 

An example in which a sensor for the liquid crys- 
tal display unit and at least a part of driving means for 
the liquid crystal display unit are shared will be descri- 
10 bed below in detail. 

[Embodiment 12] 



It should be noted in this embodiment that the 
photoelectric converter may be of the CCD-type 
(Charge Coupled Device), with the drive circuit of a 
single channel structure or bipolar MOS hybrid struc- 
ture, and TFT may be made of a-Si as the active layer 
or have the PMOS structure, wherein various varia- 
tions may be made within the spirit or scope of the 
present invention. 

(Embodiment 11] 

The present invention will be described with a 
case where a liquid crystal display unit of the present 
invention is used for the video camera. 

Fig. 24 is a typical block diagram for explaining is 
the configuration of a video camera. 

In Fig. 24, 601 is an optica! system having a lens 
and a diaphragm, and 602 is an image pickup element 
such as CCD. Light from the object not shown is 
transmitted through the lens 601 and imaged on 20 
and/or Input into the image pickup element 602, 
where a light signal is photoelectrically converted into 
an electric signal which is then Input into a sampling 
circuit 603. Subsequently, a photoelectrically con- 
verted output Is adjusted by an automatic gain control 25 
604, and input into a process circuit 605. In the proc- 
ess circuit 605, a signal based on the photoelectrically 
converted signal is processed to provide each signal 
of R, G and B. Each signal of R, G and B output from 
the process circuit 605 is input into a display circuit 30 
606 for the view finder 615 and a processing circuit 
607, respectively. Each signal of R, G and B input 
from the display circuit 606 Is adjusted for a liquid 
crystal display 614 which is a display element within 
the view finder 615, and input into the liquid crystal 35 
display unit 614. Also, a signal from a driver 609 Is in- 
put into the liquid crystal display unit 601 for display- 
ing the image. From each signal of R, G and B input 
into the processing circuit 607. R-Y. B-Y and Y signals 
are created and output. Each signal of R-Y and B-Y 40 
is input into an FM modulator 608 for the FM modula- 
tion and an FM modulated signal is input into a de- 
modulator 612. Note that subcarrier from the control 
circuit 611 is also input into the FW modulator 608. Y 
signal from the processing circuit 607 is also input into 45 
the demodulator 612. Pulses based on the pulses in- 
put from a pulse generator 610 to the control circuit 
611 are synchronously input into the image pickup 
element 602, the sampling circuit 603, the process 
circuit 605, the driver 609, and the demodulator 61 2, so 
so that the input/output of signal is controlled. The 
signal output from the demodulator 612 is output as 
a television signal from a terminal 613. 

In recording the composite television signal, this 
signal may be output to a normal video recorder. 55 

As a result of applying this liquid crystal display 
unit as described in the embodiments 7 to 10 of the 
present invention to a view finder of video camera 



Fig. 25 is a view of a liquid crystal display unit ac- 
cording to this embodiment. 1101 Is a capacitor of liq- 
uid crystal cell. 1102 is a switching TFT for applying 
a signal voltage to Its liquid crystal cell or connecting 
a sensor with signal line, 1103 is a signal line, 1104 
is a transfer gate, 1105 is af Irst buffer capacitor, 1106 
is a switching TFT for storing external signal pulse in 
corresponding buffer capacitor, 1107 is a horizontal 
shift register for driving the switching TFT 1106, 1108 
is a vertical shift register for driving the switching TFT 
1102, 1110 is a second buffer capacitor, 1111 is an 
output terminal for outputting a sensor output signal 
to the outside, 1112 is a reset TFT for resetting the 
first buffer capacitor 1105, 1113 Is a reset TFT for re- 
setting the second buffer capacitor 1110, and 1114 is 
a reset signal line. 1105 is a photoelectric conversion 
element such asa photodiode. 1116 is a reset TFT for 
resetting the reset output terminal 1111. 1117 is a re- 
set TFT for resetting the sensor. 

As the specific operation, the driving of an active 
matrix-type element of TN-type liquid crystal will be 
described in connection with timing charts as shown 
in Figs. 26Ato 26H. First, a video signal of one line is 
input sequentially through the external signal input 
end. A video signal of each pixel is transferred to the 
buffer capacitor 1105 by virtue of the switching TFT 
1106 which is turned on/off by the horizontal shift reg- 
ister 1107 which performs the driving with pulses In 
synchronism with the frequency of the video signal 
(Fig. 26A). After the signal transfer of final bit of line 
to the buffer capacitor is ended, and before the video 
signal of the next line is input to the signal input end 
1109, the pixel TFT 11 02 Is first turned on during so- 
called blanking period (Fig. 26B), Then, the reset TFT 
1113 is turned on, and the voltage of the second buf- 
fer capacitor 1 11 0 is reset (Fig. 26D). Then, the reset 
TFT 1113 is turned off and the transfer gate 1104 is 
turned on to read the sensor output from the photo- 
electric conversion element 1115 into the second buf- 
fer capacitor 1110 (Fig. 26C). At this time, when a 
non-amplification- type element such as a photo- 
diode is used as the photoelectric conversion ele- 
ment, for example, the signal amplification read into 
the second buffer capacitor 11 1 0 is determined by the 
capacity division ratio of the capacity of photodiode 
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for storing signal charges to the buffer capacity 1110, 
and increases with small buffer capacity 1110. Fur- 
ther, the signal amplification read to the signal output 
end 1115 is determined by the capacity division ratio 
of the buffer capacity 1110 to the capacity added to 5 
the signal outputend, and increases with larger buffer 
capacity 1110. The value of the buffer capacity 1110 
is determined so that the signal amplification read to 
the signal output end 1115 may be maximum. The 
buffer capacity may be provided independently, or a io 
parasitic capacity of the wiring. 

The transfer gate 1104 is turned on after the sen- 
sor output is read, a video signal carried in the first 
capacitor 1105 is transferred to each pixel at the tinrv 
ing of Fig. 26C, when the sensor output is read to the is 
second capacitor 1110. After the reading of sensor 
output and the transfer of video signal to the pixel are 
ended, the transfer gate 1104 Is turned off. and the 
reset TFTs 1112. 1117 are turned on to reset the first 
capacitor 1105 and the sensor 1115. 20 

A series of the reading of sensor output, the 
transfer of video signal to each pixel, and the reset of 
photoelectric element are performed during the 
blanking period. The variation In voltage of the pho- 
toelectric conversion element 1115 under such con- 25 
ditions is as shown in Fig. 26F. Optically produced 
carriers are stored during the time period since the 
reset is made at the timing of Fig. 26E during the 
blanking period until the switching TFT 1102 of the 
same pixel is turned on after one frame. If the pixel 30 
TFT 1 1 02 and the transfer gate 1 1 04 are turned on at 
the timing of Fig. 26C. signal charges stored are read 
into the second buffer capacitor 1110, so that the pho- 
toelectric conversion element 1115 reaches a voltage 
determined by the capacitive division ratio of its ca- 35 
pacity to the second buffer capacity 1110. Then, the 
photoelectric conversion clement 1115 is reset and 
the storage of signals corresponding to the next 
frame is started. 

Also, the variation is voltage of display pixel serv- 40 
ing as the liquid crystal display unit is as shown in Fig. 
26G. A video signal voltage is transferred for each line 
at the timing of Fig. 26C and held for one frame. The 
transmittance of liquid crystal cell is changed in ac- 
cordance with the signal voltage so that an image 45 
having desired density is displayed . 

Several methods of applying video signal have 
been proposed, such as the frame inversion driving, 
the IH inversion driving and dot inversion driving, to 
solve the problems such as burning of liquid crystal so 
molecules due to DC component, but the present in- 
vention is not limitative to those signal application 
methods. The sensor output is read in such a way that 
each signal of the second buffer capacitor 1110 is 
read into the sensor output end 1111 by the switching 55 
TFT 1106 which is turned on by the horizontal shift 
register 1107, as shown in Fig. 26H. 

Fig. 27 shows a typical cross-sectional view of a 



video display pixel and a photoelectric conversion 
element for use in the present invention. 1301 is a 
transparent insulating substrate, and 1302 is a 
switching TFT gate electrode for connecting to the 
horizontal line for driving this apparatus. 1303 is a 
switching TFT source region for connecting to the 
vertical wiring. 1304 is a switching TFT channel re- 
gion, 1305 is a switching TFT drain region, and 1305 
is an interlayer insulating film. In the video display 
pixel, a transparent pixel electrode 1307 made of a 
material of ITO (Indium Tin Oxide), for example, is 
connected via a contact hole directly provided on this 
drain region 1305. The transmittance of liquid crystal 
on the transparent pixel electrode can be changed in 
accordance with the applied signal to the transparent 
pixel electrode 1307 to display a desired Image. 

Also, in the photoelectric conversion element, a 
semiconductor region 1308 having an opposite con- 
duction type to that of drain region 1305 is provided 
in the drain region 1305, and an electrode 1309 is 
connected via the contact hole directly provided on 
this semiconductor region 1308. 

A reset voltage is applied during the blanking per- 
iod so t hat the drain region 1 305 and the semiconduc- 
tor region 1308 having opposite conduction type to 
that of drain region are first placed in reverse bias 
state. Then, the switching TFT is turned off to place 
the drain region in an electrically floating state. A de- 
pletion layer is spread between the drain region 1305 
and the semiconductor region 1 308. whereby pairs of 
electron and hole produced by photoexcitation are 
captured by the depletion layer and attracted by its 
electric field, one extinguishing on the electrode 
1 309 and the other stored in the capacity of depletion 
layer to act as an optical signal. 

By adopting the constitutions and the driving 
methods as described above, there are provided the 
following effects: 

1 . No necessity of disposing the sight line detect- 
ing sensor separately, so that the system can be 
constructed in smaller size and at reduced costs. 

2. No necessity of providing a new driving circuit 
for the sight line detecting sensor, or the possibil- 
ity of significant simplification. 

[Embodiment 13] 

Fig. 28 is a view for showing the thirteenth em- 
bodiment of the present invention, and exemplifying 
the structure of an image display pixel and a photo- 
electric conversion element which is different from 
that of the embodiment 1. In the figure. 1351 is a 
semiconductor substrate, wherein a photodiode Is 
formed between 1351 and 1305. The pixels for Image 
display are provided on the transparent insulating 
substrate 1301 and the photoelectric conversion ele- 
ments on the semiconductor substrate. 

The amount of photocarriers collected in the pho- 
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toelectric conversion element is proportbnal to the 
volume of a depletion layer in the photodiode, where- 
by the detection sensitivity of the photoelectric con- 
verter can be enhanced by forming the photodiode in 
the semiconductor substrate. 

The structure of this embodiment can be easily 
realized using an SOI (Silicone On Insulator) sub- 
strate formed by bonding an insulating substrate and 
a semiconductor substrate or implanting oxygen ions 
into the semiconductor substrate, for example, in 
combination with the etching techniques. 

[Embodiment 14] 

Fig. 29 is a view showing the fourteenth embodi- 
ment of the present invention, which is another em- 
bodiment of the photoelectric conversion element 
structure. 1352 is a metallic layer made of HgCdTe or 
PtSI, this layer forming a Schottky junction diode be- 
tween it and the semiconductor substrate. 

The amount of photocarriers collected in the pho- 
toelectric conversion element is proportional to the 
volume of a depletion layer in the photodiode, where- 
by the depletion layer can be wider than the PN junc- 
tion by using a schottky junction as the photodiode, 
without causing any dielectric breakdown even if re- 
verse bias is applied, so that the detection sensitivity 
can be enhanced. 

[Embodiment 15] 

Fig. 30 is a view showing the fifteenth embodi- 
ment of the present invention, which is another enrv 
bodiment of the photoelectric conversion element 
structure. 1353 is an n-type a-(amorphous) Si layer, 
1354 is an a-SiGe layer, 1355 is a p-type a-Si layer, 
and 1356 is a transparent electrode. The band gap of 
a-SiGc layer is controllable by adjusting the flow of 
source gas in making film formation, ideally at about 
1.45eV. 

The absorption coefficient of a-SiGe layer is 
greater by about one figure than that of single crystal 
Si, which results in a high detection efficiency even 
in the state of thin film. 

[Embodiment 16] 

Figs. 31 A and 31 B are views showing the six- 
teenth embodiment of the present invention, which is 
another embodiment of the photoelectric conversion 
element structure. In the figure, 1 357 is a light reflec- 
tion layer, made of a metal having high reflectance 
such as Al, for example. Because infrared ray usable 
for the sight line detection has a relatively long wave- 
length, the Infrared ray can partially penetrate 
through the substrate when the semiconductor sut>- 
strate 1351 is thin, and does not contribute to photo- 
electric conversion. As shown in Figs. 31 A and 31 B, 



by providing a light reflection layer on the opposite 
side of the light incident surface of the substrate, the 
photoelectric conversion efficiency can be enhanced 
because of the capability of reflecting the light once 

5 penetrating through the semiconductor substrate. 
This embodiment is not limited to the photoelectric 
conversion element as shown in Figs. 31 A and 31B, 
but it will be appreciated that its combination with 
photoelectric conversion elements as shown in Figs. 

10 27 and 28 can be employed to the same effect 

[Embodiment 17] 

Fig. 32 is a view showing the seventeenth em- 
15 bodiment of the present invention, which is another 
embodiment concerning the arrangement of an im- 
age display area and a photoelectric conversion ele- 
ment area. 

In Fig. 32, 801 is a horizontal shift register, 802 
20 is a vertical shift register, 803 is an image display pix- 
el area, 804 is a photoelectric conversion element 
area, 805 is a control line from the horizontal shift 
register, and 806 is a control line from the vertical 
shift register. Since the number of image display pix- 
25 els and the number of photoelectric conversion ele- 
ments for detecting the sight line are not necessarily 
equal in row and column, only a part of the control line 
806 from the vertical shift register 802 may be shared 
between the image display pixel area 803 and the 
30 photoelectric conversion element area 804, as shown 
in the same figure.' 

[Embodiment 18] 

35 Fig. 33 is a view showing the eighteenth embodi- 

ment of the present invention, wherein a photoelec- 
tric conversion area is arranged on either side of the 
image display area. The provision of a plurality of 
photoelectric conversion areas can enhance the de- 

40 tection precision of detecting the sight line. 

[Embodiment 19] 

Fig. 34 is a view showing the nineteenth embodi- 
45 mentof the present invention, wherein a shift register 
is shared and the control line is provided indepen- 
dently in the image display area and the photoelectric 
conversion area. It is needless to say that this struc- 
ture can also provide the same effect. 

50 

[Embodiment 20] 

Fig. 35 shows the twentieth embodiment of the 
present invention. This embodiment is an example of 
55 application to a liquid crystal device capable of de- 
tecting sight line by means of a sensor comprising an 
amorphous silicone as the semiconductor layer. In 
the figure, 901 is a substrate constituting a display 
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unit 902 is a liquid crystal display, 903 is a drive cir- 
cuit of the liquid crystal display formed on the sub- 
strate 901, 904 is a photodetector for detecting the 
sight line, and 905 is a drive circuit for the photode- 
tector. 901 to 905 are constituted on the same sut>- 5 
strate 901. 

The operation of the display unit in this embodi- 
ment will be described with reference to Fig. 26. A 
light source 906 is disposed on the back surfece of 
the substrate 901 making up the liquid crystal display io 
unit, and an image can be displayed by controlling the 
light transmittance through the pixels arranged as an 
array in the liquid crystal display 902 with the signal 
from the drive circuit 903. The sight line of the person 
peeping into the liquid crystal display can be detected is 
in the following way. 

On the substrate 901. a light detector 904 for the 
sight line detection and its drive circuit 906 are con- 
stituted. Alight from the light source 907 for the sight 
line detection is made a parallel light through a lens 20 
908 to Illuminate the eye ball 909 of the observer. The 
light source 907 emits light having a wavelength use- 
ful for the sight line detection, practical example of 
which is infrared ray. A Purkinje image reflected from 
the eye ball 909 is formed on the photodetector 904 25 
by a lens 910. Output from the photodetector 904 is 
processed in a signal processing circuit externally 
provided, so that the sight line from the eye ball 909 
of the observer can be obtained. Or a signal process- 
ing circuit of the photodetector can be constituted on 30 
the substrate 901. 

The manufacturing of this liquid crystal display 
unit is shown in Figs. 37A to 370. On a transparent 
substrate 1401 is formed a thin film semiconductor 
layer 1402 made of single crystal Si or poly-Si. Then, 35 
this thin film semiconductor layer 1402 is separated 
by etching or oxidation to form an active layer 1403. 
After a gate oxide film 1404 Is formed on the active 
layer 1403, a gate electrode 1405 is deposited to form 
a transistor. An insulating layer 1407 is formed there- 40 
on, and then a signal wiring 1408 and a gate wiring 
1409 are formed and connected to a source and a 
drain of the transistor 1406, respectively. The drain of 
the transistor 1406 is connected directly or via a drain 
electrode 1411 made of metal to a pixel electrode 45 
1410. By sandwitching a liquid crystal between the 
substrate above fabricated and an opposed sufc>- 
strate, a voltage can be applied to the liquid crystal 
In accordance with the drain output voltage of the 
transistor 1406. so 

The constitution of a photodetector formed on- 
chip by this liquid crystal display unit is shown in Fig. 
38. 1401 is a substrate on which a liquid crystal dis- 
play unit is formed. On the substrate is formed a met- 
allic wiring 1422 made of Al. Further, an n-type a-Si ss 
1423 is deposited on the metallic wiring 1422 by OVD, 
and an a-SIGe 1424 is formed thereon by plasma 
OVD. In this embodiment, the metallic wiring 1422 Is 



spread to cover all the area for depositing a-SIGe 
1424. 

The plasma OVD method of a-SIGe will be descri- 
bed below. A wafer is placed on the electrode and 
heated up to 250''O. And an AC voltage of 13.56 MHz 
is applied between the electrode having the wafer 
thereon and the opposed electrode while a mixture 
gas of SiH4, GeH4 and tl2 is flowed therethrough, so 
that a-SIGe can be deposited on the wafer. At this 
time, the ratio of Si to Ge can be changed by adjust- 
ing the flow of SiH4 and GeKU, so that the band gap 
of a-SIGe can be controlled. In this embodiment, the 
band gap of a-SiGe is ideally set to about 1.45eV. 

After a p-type a-Si 1425 is vapor deposited by 
OVD on the a-SIGe 1424 deposited before, the n-type 
a-Si 1423, the a-Sige 1424, and the p-type a-Si 1425 
are patterned by etching. Further, the structure of 
Fig. 38 can be obtained by forming an insulating film 
1426 by PSG, for example, and forming a transparent 
electrode 1427. The materia) for the transparent elec- 
trode is typically ITO. 

With this structure, an Incident light penetrates 
through the transparent electrode 1427 and enters 
the a-SIGe region 1424 depleted. The absorption 
coefficient of a-SIGe Is greater by about one figure 
than that of single crystal Si. and when the film thick- 
ness of a-SIGe is 1 ^m, the quantum efficiency of 
80% can be obtained in Infrared ray having a wave- 
length of 800nm. In this embodiment, the metallic wir- 
ing 1422 is spread over the entire area of light detec- 
tion, and the light passing through the light detection 
area is reflected against the metallic wiring 1422 to 
again enter the light detection area, so that the detec- 
tion efficiency can be further enhanced. On the other 
hand, the external light incident from the back side 
can be prevented from entering the detection area, 
because it Is shielded by the metallic wiring 1422 
even if transmitted through the transparent substrate 
1421. 

Also, it will be appreciated that a reflection plate 
may be provided on the back surface of the substrate 
1401, but not on the metallic wiring 1422, to reflect 
the light as previously described. 

With the above constitution, an Incident lumi- 
nous energy can be taken out as an electric signal by 
applying a bias between the metallic wiring 1422 and 
the transparent electrode 1427, as the absorbed de- 
tection light excites electrons and holes. It is needless 
to say that by disposing a filter capable of transmit- 
ting a desired infrared ray Is disposed on the front 
surface of this detector, the Influence of light except 
for infrared ray reflected from the eye-ball can be re- 
duced. 

While In this embodiment, a-SIGe was utilized at 
1425. It will be appreciated that a-SiSn may be used 
In the same effect of the present invention. Also, it Is 
possible that a-SI layer 1423 Is used as n-type and a- 
Si layer 1424 as p-type. 
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By providing a switching transistor in the photo- 
detector above constituted and reading sequentially 
t he output by t he drive circuit 905 for photodetector as 
shown in Fig. 35, a Purkinje image can be measured 
so that the sight line of the observe can be obtained. 

[Embodiment 21] 

A photodetector for detecting the light from the 
back side of the substrate was constituted with the 
same process as used in the embodiment 20. An op- 
eration diagram for explaining this embodiment is 
shown in Fig, 39. 

The operation mechanism and manufacturing of 
this embodiment are basically the same as those of 
the emt>odlment 20, except that the structure of pho- 
todetector 904 Is different from that of embodiment 
20, as shown In Fig. 40. In this embodiment, the met- 
allic wiring 1422 makes contact with a part of the light 
detection area. Also, the metallic electrode 1428 
made of A! is formed, instead of the transparent elec- 
trode 1427 in the embodiment 20. 

In this embodiment, the metallic wiring 1428 Is 
spread over the entire area of light detection, and the 
light passing through the light detection area Is re- 
flected against the metallic wiring 1428 to again enter 
the light detection area, so that the detection efficien- 
cy can be further enhanced. On the other hand, the 
external light incident from the surface of the sub- 
strate can be prevented from entering the detection 
area, because it is shielded by the metallic wiring 
1428. 

By providing a switching transistor In the photo- 
detector above constituted and reading sequentially 
the output by the drive circuit 905 of the photodetector 
as shown in Fig. 35, a Purkinje image can be meas- 
ured so that the sight line of the observer can be ob- 
tained. 

[Embodiment 22] 

According to the present Invention, a photoelec- 
tric converter is disposed within a liquid crystal dis- 
play unit Hereby, a point on the display unit can be 
selected as an optical pointer of Input means if using 
a normal light source or a laser beam made a spot by 
virtue of the lens. This embodiment is shown in Fig. 
41. Reference numerals are identical to those of Fig. 
35, wherein 901 is a substrate for supporting the liq- 
uid crystal display unit. A liquid crystal display 902 
and a photodetector 904 are driven by a drive circuit 
903. In this embodiment, photodetectors 904 are dis- 
tributed within the liquid crystal display. 

The manufacturing of this structure is shown In 
Figs. 42Ato42C. The basic process and method are 
equivalent to those of Fig. 37. On a transparent sub- 
strate 1401 is deposited an active layer 1403 made 
of a-SI or poly-Si, on which a gate oxide film 1404 and 



a gate electrode 1405 are deposited to form a pixel 
transistor, and then a metalllcf ilm is selectively made 
to form a drain electrode 1411 for the pixel transistor 
and a metallic wiring 1422 for the photodetector. An 

5 insulating film 1407 Is formed thereon, and then a 
signal wiring 1408 and a gate wiring 1409 are formed 
and connected to a source and a gate of the pixel 
transistor, respectively. Further, an n-type a-Si 1423 
and an a-SIGe 1424 are formed on the wiring 1422 of 

10 the photodetector in a similar way to the embodiment 
20. 

Further, a p-type a-Si Is deposited on a-Si Ge 
1425, and a transparent electrode 1427 is made to 
form a photodetector The material for the transparent 

15 electrode is typically ITO. An insulating layer 1426 is 
vapor deposited thereon, and a transparent electrode 
is made to form a pixel electrode 1410. Also, it Is pos- 
sible to constitute the pixel electrode 1410 and the 
transparent electrode 1427 for the photodetector ac- 

20 cording to the same process. With this manufacturing 
method, the constitution of Fig. 42C can be realized. 
In this embodiment, the metallic wiring 1422 is spread 
over the entire area of light detection, in a similar way 
to the embodiment 20, and the light passing through 

25 the light detection area Is reflected against the met- 
allic wiring 1422 to again enter the light detection 
area, so that the detection efficiency can be further 
enhanced. On the other hand, the external light inci- 
dent from the back side of the substrate can be pre- 

30 vented from entering the detection area, because it is 
shielded by the metallic wiring 1422 even if transmit- 
ted through the transparent substrate 1401. 

By sandwiching a liquid crystal between the sub- 
strate above fabricated and an opposed substrate, a 

35 voltage can be applied to the liquid crystal in accor- 
dance with the drain output voltage of the transistor. 

Also, a photodetector can be disposed within the 
liquid crystal display, and by sequentially detecting 
the output from the photodetector using a switching 

40 transistor fabricated simultaneously with the pixel 
transistor. It is possible to detect where the optical 
pointer points to within the liquid crystal display. It is 
needless to say that by attaching a light filter on the 
front face of the detector to permit the I Ight having wa- 

45 velength passing through this filter to be contained in 
this optical pointer, the malfunction due to the exter- 
nal light can be prevented. 

[Embodiment 23] 

50 

The structure of a liquid crystal display unit with 
a photoelectric conversion device mounted is shown 
In Figs. 43Aand 43B and Fig. 44. In the figure, 4 Is a 
photoelectric converter, 3 Is a liquid crystal display, 
55 1 7 is a substrate, 1604 is a thin film transistor (here- 
inafter referred to as "TFT"), 1605 Is a pixel electrode, 
1606 Is a TFT channel region, 1607 is a source diffu- 
sion layer, 1608 is a drain diffusion layer, 1609 is a 

16 
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substrate, 1610 is a gate insulating layer, 1611 Is a 
gate electrode, 1612, 1614 to 1616 are insulating lay- 
ers, 1613 Is an electrode, 1617 is a collector, 1618 is 
a base and 1619 is an emitter. 

Fig. 43A is a typical plan view of a liquid crystal 5 
display panel having a photoelectric converter. The 
liquid crystal display panel has the liquid crystal dis- 
play 3 and the photoelectric converter 4 on the sub- 
strate 1 7 of one sheet composed of a transparent ma- 
terial such as a semiconductor or glass. As shown in io 
Figs. 43A and 43B. a pair of photoelectric converters 
are disposed on the left and right sides, but only one 
photoelectric converter or two pairs of photoelectric 
converters, including upper and lower converters, 
may be disposed, as required. Each photoelectric is 
convert can have a line sensor of structure wherein 
a number of photoelectric conversion elements are 
arranged In a row, or an area sensor of structure 
where they are arranged in a two-dimensional array. 

Fig. 43B is a cross-sectional view of a liquid crys- 20 
tal display, wherein on a semiconductor substrate 
with its surface insulated or a substrate 1609 made 
of a transparent insulating material such as glass are 
disposed a TFT 1604 having a channel region 1606 
of thin film single crystal semiconductor, a pixel elec- 25 
trode 1 605 made of a transparent conductive material 
such as ITO connected to a drain diffusion layer 1 608 
of TFT 1604, and a source electrode 1613 connected 
to a source diffusion layer 1 607 of TFT 1 604 to which 
image signal Is input, and a gate electrode 1611 of 30 
TFT. The adjacent TFTs are separated by a thick in- 
sulating layer 161 , the surface of TFT being insulated 
by using multiple insulating layers 1612, 1614 and 
1615. Thus, a liquid crystal display panel is construct- 
ed by carrying a liquid crystal between the substrate 35 
as shown in this figure and a substrate (not shown) 
having an opposed electrode. Atso, in order to en- 
hance the gradation and Image quality, another elec- 
trode grounded is provided under the pixel electrode 
1605 to form a holding capacity between it and the 40 
pixel electrode 1605. 

In the actual liquid crystal display unit, pixel TFTs 
1604 are arranged in a two-dimensional array for 
connecting horizontally and vertically between gate 
electrodes 1611 and between source electrodes 45 
1613. The wiring to which the gate electrode is con- 
nected is referred to as a scan line, which turns on/off 
the TFT channel at predetermined timings. Also, im- 
age signal is input to a signal line to which the source 
electrode is connected, and a predetermined image so 
signal is written into the pixel electrode when TFT is 
turned on. The difference between the pixel voltage 
at this time and the voltage of the opposed electrode 
on the other substrate is applied to the liquid crystal. 
Liquid crystal has its light transmittance varied in ac- ss 
cordance with the applied voltage, so that image in- 
formation is displayed. 

Fig. 44 Is a cross-sectional view of the above 



photoelectric converter. On a semiconductor sub- 
strate with its surface insulated, or a substrate 1609 
made of a transparent insulating material such as 
glass are disposed a collector 1617, a base 1618 and 
an emitter 1619 of a bipolar-type transistor, the emit- 
ter being pulled out from the electrode 1613 to pro- 
vide a signal output. The adjacent photoelectric con- 
version elements are separated by a thick insulating 
layer 1 616, the surface being insulated by multiple in- 
sulating layers 1612, 1614, and 1615. This type of 
photoelectric conversion element is referred to as 
BASIS (Base-Store Type Image Sensor), wherein 
holes produced by incident tight are stored in the base 
1618, and the electron current proportional to the 
number of holes is output due to amplification action 
of the bipolar transistor. The details of the operation 
principle for BASIS were described in, for example, 
IEEE Transactions on Electron Devices Vol. 36, No. 
1, January 1989 pp. 31-38 "A Novel Bipolar Imaging 
Device with Self-Noise Reduction Capability" N. Ta- 
naka, T. Ohmi, Y. Nakamura. 

Thereby, the system can be made still smaller, 
like the above embodiments. 

(Embodiment 24) 

A liquid crystal display unit of the present inven- 
tion has a constitution of liquid crystal display and an 
operation method of Image which are equivalent to 
those of the liquid crystal display unit previously de- 
scribed. The arrangement of a photoelectric conver- 
ter 4 and a display 3 of the liquid crystal display panel 
as shown in Figs. 43Aand 43B will be described be- 
low. 

The cross section of the photoelectric converter 
in this embodiment is shown in Fig. 45. In the figure, 
1609 is a substrate, 1612, 1614 to 1616 are insulating 
layers, 1613 is an electrode, 1617 is a collector, 
1618a, 1618b is a base, 1619 is an emitter, and 1621 
is a metallic layer. In this embodiment, on a semicon- 
ductor substrate with its surface insulated or a sub- 
strate 1609 made of a transparent insulating material 
is provided a metallic layer 1621 for forming a Schott- 
ky junction with silicone of the photoelectric conver- 
ter. In this embodiment, Ptor PtSi was used. The base 
region of bipolar-type transistor consists of a deep 
base 1618a in contact with the metallic layer 1621 
and a shallow base 1618b in contact with the deep 
base 1618a and not reaching the metallic layer 1621, 
having a concentration of Impurities of 10^^ to 10^^ 
crrr^. An n-type collector 1617 surrounds the base, 
and makes contact with the metallic layer 1621 . With- 
in the shallow base 1618b Is provided an nMype 
emitter 1619 on the surface of silicone layer, to which 
an emitter electrode 1613 is connected. An insulating 
layer 1616 of Si02 is provided for the insulation be- 
tween adjacent pixels, and the surface of silicone lay- 
er is sequentially covered and protected by an inter- 
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layer insulating layer 1612 of oxide silicone and inter- 
layer insulating layers 1614, 1615orSiN. 

The photoelectric conversion principle of this em- 
bodiment is exactly the same as that of the previous 
embodiment. However, the following features are s 
provided owing to the metallic layer 1621 and the 
deep base 1618a. 

1. Since silicone layer is in contact with the met- 
allic layer, the heat of photoelectric conversion 

unit is conducted through the metallic layer to the io 
outside terminal, whereby temperature elevation 
is suppressed. 

2. Infrared ray passing through the thickness of 
silicone layer having several microns is reflected 
against the metallic layer, thereby gaining addi- is 
tional chance of contributing again to the photo- 
electrically converted signal. 

3. Owing to a deplection layer extending from the 
metallic layer to silicone, charges in the area near 

the substrate are collected more efficiently into 20 
the base region. 

The above item 3 will be described below with ref- 
erence to Figs. 46A and 46B. Fig. 46A shows the 
spreading of depletion layer when the voltage of Pt is 
substantially equal to the voltage of base 1 618a, and 25 
Fig. 46B shows the spreading of depletion layer when 
the voltage of Pt is substantially equal to the voltage 
of collector 1617. The spreading of depletion layer ac- 
cording to the present invention is shown in Fig. 46B, 
wherein the region of the deep base 1618a near the 30 
metallic layer 1621 is depleted by biasing Pt in a pos- 
itive direction relative to the base region. Holes pro- 
duced in this region are more likely to accumulate in 
the base region, owing to electric field in the deple- 
tion layer. In the conventional structure, carriers pro- 35 
duced in this region partially diffused over adjacent 
elements, causing a degraded S/N ratio. In this em- 
bodiment, owing to more chances of producing pairs 
of electron and hole, the photoelectric conversion ef- 
ficiency is enhanced. 40 

Also, the stray light and the external light incident 
from the substrate side are totally reflected against 
the metallic layer 1621 , without causing any noise. 

A manufacturing process of the liquid crystal dis- 
play unit according to the present invention will be de- 45 
scribed below. 

The manufacturing process of a first substrate 
having a metallic layer is shown in Figs. 47A to 48E. 
First, a silicone substrate 1702 having oxide silicone 
1 701 formed by oxidizing the surface 5000 to 1 0000 so 
A thick is prepared (Fig. 47A). After removing the ox- 
ide film on the necessary area of a metallic layer 1 703 
about 3000 to 8000 A thick, a metal such as Pt, Co and 
A! for forming a Schottky junction with n-type silicone 
is deposited about 1 000 to 5000 A thick by sputtering 55 
or CVD (Fig. 478). Next, a metallic layer 1 703 on thick 
oxide film 1 701a is removed by polishing to make the 
surface flat (Fig. 47C). Oxide film serves as the stop- 



per in polishing. Then, another sheet of silicone sub- 
strate 1704 is prepared, and bonded with a wafer 
which has been polished (Fig. 47D). After bonding, a 
heat treatment is conducted at a temperature not ex- 
ceeding the fusing point of metallic layer 1703 to en- 
hance the bonding strength. Finally, the silicone lay- 
er is made thinner to a desired thickness by polishing. 

The subsequent process will be described below 
with reference to Figs. 43A, 438 and 45. The display 
and the photoelectric converter may be thinned once 
and then grown to a thickness of 3 to 5 ^m necessary 
for the photoelectric converter by epitaxial growth, or 
made to have an initial thickness of 3 to 5 lam and then 
thinned to a thickness of 3000 A to 1 ^m only on the 
display side, because of its different thickness of sil- 
icone layer. 

In this embodiment, the silicone layer was made 
an n-type silicone of 1 x lO^^to 1 x lOiScnrH. On this 
silicone layer, a deep base region 1618a was initially 
formed by ion implantation and thermal diffusion. 
Then, a p-type layer (channel region 1606) and a 
shallow base layer 1618b on the display were formed 
by ion implantation and thermal diffusion. In this em- 
bodiment, the density of the p-type layer and the 
deep base layer on the display was 1x10^^ crrr^ and 
the density of shallow base layer was 1 x 10^^ cnrH, 
but they can be made in the range of at>out 1 x 10^^ 
to 1 X 10^7 cm^ and the range of about 1 x 10^® to 1 
X 10^8 cnr^, respectively, according to the purpose. 

Next, an insulating film 1616 for the separation 
is formed by LOCOS. The thickness was 1000 A. 
Then, a source diffusion layer 1607, a drain diffusion 
layer 1608, an n* region and an emitter 1619 were 
formed by ion implantation and heat treatment. Im- 
planted dopant was Ph^ with the amount of implan- 
tation of 5 X 10^5 cnrr2, but it is possible that the do- 
pant may be As^ with the amount of implantation of 
about 1 X 10^5 to -I X 10^^ cm-2 In the cross-sectional 
view, the n layer of source and drain has reached the 
substrate 1609, but is not necessary to reach it 

On the preformed gate oxide film having a thick- 
ness of 200 to 1000 A is formed a polysilicone elec- 
trode. Implantation of ions into the source and drain 
is normally made through polysilicone gate self- 
aligned. After depositing a BPSGf ilm (insulating film 
1612) about 7000 A thick by CVD, a contact hole Is 
formed, and an aluminum electrode 1613 is deposit- 
ed and patterned. 

Thereafter, a first interlayer insulating layer 1614 
is deposited, and a transparent pixel electrode 1605 
is formed on the display. A pixel electrode 1605 is 
formed in direct contact with a drain 1608 and using 
ITO (Indium Tin Oxide). Finally, a silicone nitride film 
(insulating layer 1615) is formed as the passivation 
film. 

AnrK)ng other manufacturing methods of the first 
substrate (TFT substrate), there is an ELTRAN (Epi- 
taxial Layer Transfer on Porous Silicon). With this 
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method, instead of the second silicone wafer In Fig. 
47D, a substrate (Fig. 48) having an epitaxial layer 
formed on a silicone wafer, the surface of which is 
made porous 5 to 50 \im thick. Is used. This wafer is 
an SOI substrate having an epitaxial layer with even 
film thickness and good quality, which is obtained by 
etching the silicone substrate 1751 and porous sili- 
cone 1752 In a mixture silicon of HF and H2O2 after 
bonding the epitaxial layer 1753. The manufacturing 
of TFT and photoelectric converter is exactly the 
same as that of the first substrate. 

The TFT structure may be composed of polysili- 
cone as the channel, single crystal in which polyslli- 
cone is recrystallized, or amorphous silicone as the 
channel, to the exactly same effect. 

Further, the p-type MOS transistor or pnp-type 
bipolar transistor can be used by changing the vol- 
tage slightly without spoiling the effect of the present 
invention. 

(Embodiment 25) 

Fig. 48 shows the cross section of a photoelectric 
converter according to the twenty-fifth embodiment 
of the present invention. This embodiment has a 
structure where a deep base formed in the embodi- 
ment 24 is omitted. In this embodiment, the crosstalk 
occurs as before since there Is no spread of the de- 
pletion layer of metal over the base region, but the 
heat radiation effect, reflection effect of Infrared ray, 
and light shielding effect against visible light from the 
back side can be obtained equlvalently to those of the 
embodiment 1. Also, there is provided the advantage 
that the process of forming a thin base is unneces- 
sary, and the transistor structure may be the same 
as conventionally used. 

(Embodiment 26) 

Fig. 50 is a cross section of a photoelectric con- 
verter according to the twenty-sixth embodiment of 
the present invention. This embodiment has a photo- 
electric converter composed of a CCD (Charge Cou- 
pled Device). The basic constitution of this CCD and 
its operation was described in M. Yamagishi et al. 
IEEE Trans, Electron Devices. Ed-38, pp. 976 (1991). 
In this figure, 1651 Is a polysllicone gate, 1652 is a 
transfer gate and 1653 Is an aluminum wiring. In this 
embodiment, a negative bias is applied to the p-well 
a to prevent the spreading of the depletion layer, in 
Fig. 49. In the case of CCD. infrared ray transmitted 
through silicone can be reflected against the metallic 
film, and again subjected to photoelectric conversion. 

Also, an ideal light shielding film can be obtained 
for the visible light Incident from the back side. Fur- 
ther, heat generation of CCD is 1 0 to 1 00 times great- 
er than the BASIS-type photoelectric conversion 
unit, but this heat could be released via the metallic 



film to the outside. In this embodiment, the photo- 
electric conversion unit had a better S/N ratio, and 
the stable output voltage. 

As described above, according to the present In- 
5 ventlon, there are provided a plurality of light receiv- 
ing means for receiving reflected light from the eye 
ball, with the illuminating means illuminating the eye 
ball of the object (observer), and calculation means 
for calculating the sight line direction of the object 
10 (observer) based on the output signal from said plur- 
ality of light receiving means, wherein the original out- 
put of Purkinje Image and this pseudo peak output 
are separated by, for example, taking a logical prod- 
uct of output signals from said plurality of light receiv- 
es ing means, so that the sight line direction of the object 
(observer) can be calculated from obtained Purkinje 
image. 

Hence, the proper sight line detection can be al- 
ways effected even under service environment where 

20 other light than illuminating light from illuminating 
means is incident. 

According to the present invention, a liquid crys- 
tal display unit is provided with a photoelectric con- 
verter excellent In the photoelectric conversion eff i- 

25 clency, so that the display facility and the sight line 
detect bn facility can be accommodated with good 
space efficiency. 

Also, since the focusing for the display can be 
made in accordance with the sight line in using a view 

30 finder, the observer hardly feels fatigued in the use 
for the long time. 

Further, with the electronic camera such as a vid- 
eo camera using a view finder of the present inven- 
tion, the focusing can be surely effected for the por- 

35 tion to be photographed, resulting in the extremely 
excellent recording. 

Also, the liquid crystal display unit of the present 
invention, having a photoelectric converter Integrally 
formed, can be constructed In smaller size, so that 

40 the view finder as well as the electronic camera can 
be made compact and equipped with higher func- 
tions. 

The photoelectric conversion element for the 
sight line detection according to the present invention 

45 was described, but it is of course possible that the 
photoelectric conversion element can be used for the 
measurement of the brightness around the liquid 
crystal display unit or the brightness of light source of 
backlight. In this case, it is not necessarily required to 

50 provide a plurality of photoelectric conversion ele- 
ments, but it only suffices that at least one photoelec- 
tric conversion element Is provided on the necessary 
portion. 

Further, according to the present invention, the 
55 Image display unit having a sight line detection func- 
tion such as a view finder is unnecessary to have any 
new. Independent photoelectric conversion means 
and Its drive means, giving rise to the effects of great- 
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ly simplified system and the reduced costs. 

In addition, by appropriately selecting the semi- 
conductor material for the photoelectric converter, a 
light detection mechanism having high quantum effi- 
ciency can be constructed on-chip on the thin film 5 
semiconductor substrate. Thereby, the electronic 
view finder with a sight line detector can be manufac- 
tured cheaply. Also, a photodetector can be provided 
within the liquid crystal display, and thus the display 
unit is enabled to make the input by pointing to any io 
position within the display using an optical pointer. 

The liquid crystal display unit of the present in- 
vention has the effects: 

1. Heat generated by the photoelectric converter 

can be released to prevent the dark current from is 
increasing with the elevated temperature. 

2. By causing infrared ray to be reflected and in- 
cident on the silicone layer again, the photoelec- 
tric conversion efficiency can be enhanced. 

3. Convergence of carriers into the base region 20 
is promoted to prevent the crosstalk. 

4. Metallic layer can be also used for the ideal 
light shielding film for the visible light, which may 
be the external light or stray light entering from 

the back side. 25 
And according to the present invention, a photo- 
electric conversion unit is formed on the th in film, and 
easily exposed to relatively high temperatures by the 
backlight, whereby even the liquid crystal display unit 
including a sight line detection function which may re- 30 
quire a high detection sensitivity to light having rela- 
tively long wavelength such as infrared ray, can be 
used stably without degrading the above sight line de- 
tection function. 

It wilt be understood thatvarious variations of the 35 
present invention may be appropriately made within 
the spirit or scope of the present invention. 



Claims 40 

1. A liqukJ crystal display unit having a pair of sub- 
strates and a liquid crystal material sealed be- 
tween said pair of substrates, characterised by 
comprising semiconductor elements for driving 45 
said liquid crystal display unit, and photoelectric 
conversion elements provided separate from 
said semiconductor elements. 

2. A view finder unit for a liquid crystal display unit 50 
having a pair of substrates and a liquid crystal 
material sealed between said pair of substrates, 
characterised by comprising said display unit 
having semiconductor elements for driving said 
display unit and photoelectric conversion ele- ss 
ments provided separate from said semiconduc- 
tor elements, and an eyepiece provided opposite 

said display unit. 



3. A unit according to either claim 1 or claim 2, 
wherein one of said pair of substrates has a sig- 
nal line and a scan line arranged like a matrix, 
said semiconductor elements provided at the 
points of intersection between said signal line 
and said scan line, pixel electrodes electrically 
connected to said semiconductor elements, and 
said photoelectric conversion elements, the 
other of said pair of substrates comprising elec- 
trodes provided corresponding to said pixel elec- 
trodes. 

4. A unit according to claim 3, wherein said photo- 
electric conversion elements are provided in a 
first semiconductor region and said semiconduc- 
tor elements are provided in a second semicon- 
ductor region. 

5. A unit according to claim 4, wherein said first 
semiconductor region and said second semicon- 
ductor region are formed on the same semicon- 
ductor substrate. 

6. A unit according to claim 3 or 4, wherein the thick- 
ness of semiconductor of said first semiconduc- 
tor region is greaterthan that of the semiconduc- 
tor of said second semiconductor region. 

7. A unit according to any preceding claim, further 
comprising a circuit for driving said semiconduc^ 
tor elements. 

8. A unit according to claim 7, wherein said circuit is 
a shift register. 

9. A unit according to claim 7, wherein said circuit is 
provided on a semiconductor substrate having 
said semiconductor elements provided thereon. 

10. A unit according to any preceding claim, wherein 
said semiconductor elements are thin film tran- 
sistors. 

11. A unit according to claim 4, wherein said first 
semiconductor region Is silicon single crystal or 
amorphous silicon, and said second semiconduc- 
tor region is polysilicon or amorphous silicon. 

12. A unit according to claim 11, further comprising 
a tight emitting source of said light. 

13. A unit according to any preceding daim, wherein 
a reflection film for reflecting light is formed on 
the back face of the side where detection light is 
incident in said photoelectric converter having 
photoelectric conversion elements. 

14. A unit according to any preceding daim, wherein 
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a metallic layer overlying at least partly on said 
photoelectric conversion elements is provided 
between said substrate and said photoelectric 
conversion elements, and the semiconductor 
layer of said photoelectric conversion elements 
and said metallic layer form a Schottky junction. 

15. A unit according to any preceding claim, charac- 
terised in that said photoelectric conversion ele- 
ment is a base store-type image sensor. 



22. A camera according to claim 19, characterised in 
that said photoelectric conversion element has 
first and second base regions having different 



depths, and a deeper base region is in contact 
with the metallic layer. 

23. A camera according to claim 19, characterised in 
5 that said photoelectric conversion element is a 

charge coupled device. 

24. Asight line detector having illuminating means il- 
luminating the eyeball of the object, a plurality of 

10 light receiving means for receiving reflected light 

from the eyeball which is illuminated from said il- 
luminating means illuminating the eyeball, and 
calculating means for calculating the sight line di- 
rection of the object based on output signals from 
said plurality of light receiving means. 

25. A sight line detector having an Image display unit 
for observing the object illuminating means illu- 
minating the eyeball of the observer observing 
through said image display unit, a plurality of light 
receiving means for receiving reflected light from 
the eyeball which is illuminated from said illumin- 
ating means illuminating the eyeball, and calcu- 
lating means for calculating the sight line direc- 
tion of the observer based on output signals from 
said plurality of light receiving means. 

26. A sight line detector according to claim 24, char- 
acterised in that said calculating means calcu- 
lates the sight line direction of the object or ob- 
server using a Purkinje image obtained by mak- 
ing a logical operation of peak positions of re- 
spective output signals from said plurality of light 
receiving means. 

27. A sight line detector according to claim 25, char- 
acterised in that said image display unit is conn- 
prised of a liquid crystal display, and a plurality of 
photoelectric conversion elements which are 
components of said light receiving means are dis- 
posed around the periphery of said liquid crystal 
display. 

28. Asight line detector according to daim 27, char- 
acterised in that said image display unit and said 
plurality of photoelectric conversion elements 
are formed on the same substrate. 

29. Asight line detector according to daim 25, char- 
acterised in that said calculating means calcu- 
lates the sight line direction of the object or ob- 
server using a Purkinje image obtained by mak- 
ing a logical operation of peak positions of re- 
spective output signals from said plurality of light 
receiving means. 

30. A display unit having illuminating means for illu- 
minating the observer's eye, a light converging 



16. A unit according to claim 15. characterised in that 
said photoelectric conversion element has first 
and second base regions having different 
depths, and a deeper base region is in contact is 
with the metallic layer. 

17. A unit according to any preceding claim, charac- 
terised in that said photoelectric conversion ele- 
ment is a charge coupled device. 20 

18. A unit according to any preceding daim, wherein 
said photoelectric conversion element has amor- 
phous silicon semiconductor. 

25 

19. A camera in combination with a liquid crystal dis- 
play unit as claimed in any preceding daim, hav- 
ing a pair of substrates and a liquid crystal mate- 
rial sealed between said pair of substrates, char- 
acterised by comprising a view finder including 30 
said display unit having semiconductor elements 
for driving said display unit and photoelectric con- 
version elements provided separate from said 
semiconductor elements, and an eyepiece pro- 
vided opposite said display unit, and image pick- 35 
up elements for reading an Image to be displayed 
on said display unit. 

20. A camera according to daim 19, further compris- 
ing an optical system for imaging information in- 40 
put into said i mage pickup elements onto said i nr>- 
age pickup elements, wherein the focusing of 
said optical system is made by optical informa- 
tion input into said photoelectric conversion ele- 
ments. 45 

21. Acamera according to daim 19, characterised in 
that light received by said photoelectric converter 
contains information for determining the sight 
line direction of the eyeball of the object observ- so 
ing said display unit, and means for measuring 
the sight line direction with an electric signal out- 
put by said photoelectric converter is further pro- 
vided. 
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optical system for converging the reflected light 
from the observer's eye, photoelectric conver- 
sion means for detecting reflected light con- 
verged, and calculating means for calculating the 
sight line direction of the observer's eye with the 5 
output of said photoelectric conversion means, 
characterised In that said photoelectric conver- 
sion means and said image display means are 
disposed adjacent each other, and said photo- 
electric conversion means is driven using at least io 
a part of driving means for driving said image dis- 
play means. 

31. A unit or camera or detector according to any of 

the preceding claims, having a pair of substrates, is 
and a liquid crystal material sealed between said 
pair of substrates. 
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